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With the COVID-19 pandemic’s outbreak at the beginning of 2020, millions across the
world flocked to Wikipedia to read about the virus. Our study offers an in-depth
analysis of the scientific backbone supporting Wikipedia’s COVID-19 articles. Using
references as a readout, we asked which sources informed Wikipedia’s growing pool of
COVID-19-related articles during the pandemic’s first wave (January-May 2020). We
found that coronavirus-related articles referenced trusted media sources and cited
high-quality academic research. Moreover, despite a surge in preprints, Wikipedia’s
COVID-19 articles had a clear preference for open-access studies published in
respected journals and made little use of non-peer-reviewed research uploaded
independently to academic servers. Building a timeline of COVID-19 articles on
Wikipedia from 2001-2020 revealed a nuanced trade-off between quality and
timeliness, with a growth in COVID-19 article creation and citations, from both
academic research and popular media. It further revealed how preexisting articles on
key topics related to the virus created a framework on Wikipedia for integrating new
knowledge. This "scientific infrastructure" helped provide context, and regulated the
influx of new information into Wikipedia. Lastly, we constructed a network of DOI-
Wikipedia articles, which showed the landscape of pandemic-related knowledge
onWikipedia and revealed how citations create a web of scientific knowledge to
support coverage of scientific topics like COVID-19 vaccine development.
Understanding how scientific research interacts with the digital knowledge-sphere
during the pandemic provides insight into how Wikipedia can facilitate access to
science. It also sheds light on how Wikipedia successfully fended of disinformation on
the COVID-19 and may provide insight into how its unique model may be deployed in
other contexts.
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With the COVID-19 pandemic’s outbreak at the beginning of
2020, millions across the world flocked to Wikipedia to read
about the virus. Our study offers an in-depth analysis of the
scientific backbone supporting Wikipedia’s COVID-19 articles.
Using references as a readout, we asked which sources informed
Wikipedia’s growing pool of COVID-19-related articles during
the pandemic’s first wave (January-May 2020). We found that
coronavirus-related articles referenced trusted media sources
and cited high-quality academic research. Moreover, despite
a surge in preprints, Wikipedia’s COVID-19 articles had a
clear preference for open-access studies published in respected
journals and made little use of non-peer-reviewed research up-
loaded independently to academic servers. Building a timeline
of COVID-19 articles on Wikipedia from 2001-2020 revealed a
nuanced trade-off between quality and timeliness, with a growth
in COVID-19 article creation and citations, from both academic
research and popular media. It further revealed how preexist-
ing articles on key topics related to the virus created a frame-
work on Wikipedia for integrating new knowledge. This ''sci-
entific infrastructure' helped provide context, and regulated
the influx of new information into Wikipedia. Lastly, we con-
structed a network of DOI-Wikipedia articles, which showed the
landscape of pandemic-related knowledge on Wikipedia and re-
vealed how citations create a web of scientific knowledge to sup-
port coverage of scientific topics like COVID-19 vaccine devel-
opment. Understanding how scientific research interacts with
the digital knowledge-sphere during the pandemic provides in-
sight into how Wikipedia can facilitate access to science. It also
sheds light on how Wikipedia successfully fended of disinfor-
mation on the COVID-19 and may provide insight into how its
unique model may be deployed in other contexts.
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Introduction

Wikipedia has over 130,000 different articles relating to
health and medicine (1). The website as a whole, and specif-
ically its medical and health articles, like those about dis-
ease or drugs, are a prominent source of information for
the general public (2). Studies of readership and editorship
of health articles reveal that medical professionals are ac-
tive consumers of Wikipedia and make up roughly half of
those involved in editing these articles in English (3, 4). Re-
search conducted into the quality and scope of medical con-

tent deemed Wikipedia “a key tool for global public health
promotion.” (4, 5).

With the WHO labeling the COVID-19 pandemic an "info-
demic" (6), and disinformation potentially affecting public
health, a closer examination of Wikipedia and its references
during the pandemic is merited. Researchers from different
disciplines have looked into citations in Wikipedia, for exam-
ple, asking if open-access papers are more likely to be cited
in Wikipedia (7). While anecdotal research has shown that
Wikipedia and its academic references can mirror the growth
of a scientific field (8), and initial research into the coron-
avirus has shown Wikipedia provides a representative sample
of COVID-19 research (9), to our knowledge no research has
focused on the role of popular media and academic sources
on Wikipedia during the pandemic.

Here, we asked what role does scientific literature, as op-
posed to general media, play in supporting the encyclope-
dia’s coverage of the COVID-19 as the pandemic spread.
We investigated this question throughout an analyses of
Wikipedia’s coronavirus articles along three axes: the refer-
ences used in the relevant articles, their historical growths,
and their network interaction. Our findings reveal that
Wikipedia’s COVID-19 articles were mostly supported by
highly trusted sources - both from general media and aca-
demic literature. We found, for example, that these arti-
cles made more use of open-access papers than the average
Wikipedia article, and did not overly refer to preprints. A
temporal analysis of the references used in these articles re-
veals a more nuanced dynamic: after the pandemic broke
out we observed a drop in the overall percentage of aca-
demic references in a given coronavirus article, used here as
a metric for gauging scientificness in what we term an arti-
cle’s Scientific Score. Importantly, a time-course/historical
analysis of these articles, revealed a surge in editing activ-
ity following the pandemic breakout, with many contempo-
rary academic papers added to the COVID-19 articles, along-
side frequent use of much older literature. A network analy-
sis of the COVID-19 articles and their academic references
revealed how certain topics, generally those pertaining di-
rectly to science or health (for example, drug development)
and not the pandemic or its outcome, were linked together
through shared sources. Together, these analyses depict what
we term Wikipedia’s scientific infrastructure, which included
both content (e.g. past articles) and organizational practices
(e.g. rigid sourcing policy), that can shed light on online
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mechanisms to fend off disinformation and maintain high
standards across articles.

Material and Methods

Corpus Delimitation. To delimit the corpus of Wikipedia
COVIDI19-articles containing Digital Object Identifier
(DOI), two different strategies were applied.  Every
Wikipedia article affiliated with the official WikiProject
COVID-19 task force (more than 1,500 pages during the
period analyzed) was scraped using an R package specif-
ically developed for this study, WikiCitationHistoRy. In
combination with the WikipediR R package, which was used
to retrieve the actual articles covered by the COVID-19
project, our WikiCitationHistoRy R package extracted DOIs
from their text and thereby identified Wikipedia pages
containing academic citations, termed "Wikipedia articles"
in the present study. While "articles" is used for Wikipedia
entries, "papers" is used to describe academic studies
referenced on Wikipedia articles, and these papers were
also guaged for their "citation" count in academic literature.
Simultaneously, a search of EuroPMC using COVID-19,
SARS-CoV2, SARS-nCoVI9 keywords was performed to
detect scientific studies published about this topic. Thus,
30,000 peer-reviewed papers, reviews, and preprint studies
were retrieved. This set was compared to the DOI citations
extracted from the entirety of the English Wikipedia dump of
May 2020 ( 860,000 DOIs) using mwcite. Thus, Wikipedia
articles containing at least one DOI citation were identified
- either from the EuroPMC search or through the specified
Wikipedia project. The resulting "COVID-19 corpus" com-
prised a total of 231 Wikipedia articles related to COVID-19
and based on at least one academic source; while "corpus"
describes the body of Wikipedia articles, "sets" is used to
describe the bibliographic information relating to academic
papers (like DOIs ).

DOI Corpus Content Analysis and DOI Sets Compari-
son. The analysis of DOIs led to the categorization of three
DOI sets: 1) the COVID-19 Wikipedia set, 2) the EuroPMC
30K search and 3) the Wikipedia dump of May 2020. For
the dump and the COVID sets, the latency was computed (to
gauge how much time had passed from an article’s publica-
tion until it was cited on Wikipedia), and for all three sets
we retrieved their articles’ scientific citations count (the num-
ber of times the paper was cited in scientific literature), their
Altmetric score, as well as the papers’ authors, publishers,
journal, source type (preprint server or peer-reviewed pub-
lication), open-access status (if relevant), title and keywords.
In addition, in the COVID-19 Wikipedia corpus the DOI set’s
citation count were also analysed to help gauge academic
quality of the sources.

Text Mining, Identifier Extraction and Annotation. From
the COVID-19 corpus, DOIs, PMIDs, ISBNs, and URLSs
were extracted using a set of regular expressions from our
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R package, provided in the Table 1. Moreover WikiCitation-
HistoRy allows the extraction of other sources such as tweets,
press release, reports, hyperlinks and the protected status of
Wikipedia pages (on Wikipedia, pages can be locked to pub-
lic editing through a system of "protected" statuses). Subse-
quently, several statistics were computed for each Wikipedia
article and information for each of their DOI were retrieved
using Altmetrics, CrossRef and EuroPMC R packages.

Citation type Regular expression

doi 10NMN{4,9)/[-._;(/-a-20-9A-Z]+

isbn (?2<=(isbn[ISBN)\s?[=:]2\s?)\d{1,5}-\d{
1,7}-\\d{1,5}-\dX]

url http[s]?://(?:[a-zA-Z]|[0-9][[$-_@.&+]|[!"\\,
\V),]/(?:%[0-9a-fA-F][0-9a-fA-F]))+

tweet W\\{cite tweet.*2\\]\}

news Wh\{cite news.*?\J\\}

journal W\{cite journal.*?\\})\\}

web Wh\{cite web.*2\W\\}

pmid (?<=(pmid|PMID)\s?[=]\s?)\d{5,9}

ref <ref>\W\\{[c|Clite.*2\\\}</ref>

. Table 1 Regular expressions for each citation type.

Package Visualisations and Statistics. Our R package
was developed in order to retrieve any Wikipedia article and
its content, both in the present - i.e article text, size, citation
count and users - and in the past - i.e. timestamps, revision
IDs and the text of earlier versions. This package allows the
retrieval of the relevant information in structured tables and
helped support several visualisations for the data. Notably,
two navigable visualisations were created and are available
for any set of Wikipedia articles: 1) A timeline of article cre-
ation dates which allows users to navigate through the growth
of Wikipedia articles related to a certain topic over time, and
2) a network linking Wikipedia articles based on their shared
academic references. The package also includes a proposed
metric to assess the scientificness of a Wikipedia article. This
metric, called Sci Score, is defined by the ratio of academic
as opposed to non-academic references any Wikipedia article
includes, as such:

#DOI

#Reference @

S CiScore =
Our investigation, as noted, also included an analysis into the
latency (8) of any given DOI citation on Wikipedia. This
metric is defined as the duration (in years) between the date of
publication of a scientific paper and the date of introduction
of the DOI into a specific Wikipedia article as defined below:

Lat@ncy = DateWikiIntroduction - DatePublication 2)

Data and Code Availability Statement.Every table
and raw data are available online through the ZENODO
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repository with DOI: 10.5281/zenodo.3901741

Every visualisation and statistics were completed using R
statistical programming language (R version 3.5.0). The
code from our R package is available in the Github reposito-
ries:

https://github.com/jsobell/
WikiCitationHistoRy
https://github.com/jsobell/Wiki_
COVID-19_interactive_network
https://github.com/jsobell/Interactive_
timeline_wiki_ COVID-19

Results

COVID-19 Wikipedia Articles: Well-Sourced but Highly
Selective. We set out to characterize the representation
of COVID-19-related research on Wikipedia. As all fac-
tual claims on Wikipedia must be supported by “verifiable
sources” (10), we focused on articles’ references to ask:
What sources were used and what was the role of scientific
papers about COVID-19 in supporting coronavirus articles on
Wikipedia? For this aim, we identified the relevant Wikipedia
articles related to COVID-19 (Supplementary figure S1A).
We did this using a two-pronged approach (as described in
detail in the methods section): firstly, searching Wikipedia’s
categories of coronavirus-related articles (i.e. articles directly
affiliated with WikiProject COVID-19 or marked with the
community-created COVID-19 template) for those that in-
cluded at least one academic paper among their list of ref-
erences. Secondly, we searched English Wikipedia’s gen-
eral body of articles’ references (i.e. the dump of all of
Wikipedia’s articles’ references) to find papers cited within
the EuroPMC database of COVID-19 research (Supplemen-
tary figure S1A)). This approach allowed us to both filter out
articles deemed to be about COVID-19 by the community but
not based on any scientific research, and find articles that may
not be labeled as being about COVID-19 but still relevant for
our research as they include related research.

From the perspective of Wikipedia, though there were over
1.5K (1,695 pages) COVID-19 related articles, only 149 had
academic sources. We further identified an additional 82
Wikipedia articles that were not part of Wikipedia’s organic
set of coronavirus articles, but had at least one DOI refer-
ences from the EuroPMC database - which consisted of over
30,000 papers (30,720) S1B). Together these 231 Wikipedia
articles served as the main focus of our work as they form
the scientific core of Wikipedia’s COVID-19 coverage. This
DOlI-filtered COVID-19 corpus included articles on scientific
concepts, genes, drugs and even notable people who fell ill
with coronavirus. The articles ranged from “Severe acute res-
piratory syndrome-related coronavirus”, “Coronavirus pack-
aging signal” and “Acute respiratory distress syndrome”, to
“Charles Prince of Whales”, “COVID-19 pandemic in North
America,” and concepts with social interest like “Herd im-

munity”, “Social distancing”, “Wet market” or even public

Benjakob etal. | Wikipedia and COVID-19 pandemic

figures like “Dr. Anthony Fauci”.

It is interesting to note that these articles included the arti-
cle for “Coronavirus”, the drugs “Chloroquine” and “Favipi-
ravir,” and other less scientific articles with wider social inter-
est, like the article for “Social distancing” and “Shi Zhengli”,
the virologist employed by the Wuhan Institute of Virology
and who earned public notoriety for her research into the ori-
gins of COVID-19. However, comparing the overall corpus
of academic papers dealing with COVID-19 to those cited on
Wikipedia we found that less than half a percent (0.42%) of
all the academic articles related to coronavirus made it into
Wikipedia (Supplementary figure S1C). Thus, our data re-
veals Wikipedia was highly selective in regards to the existing
scientific output dealing with COVID-19 (See supplementary
table (1)).

We next analyzed the citation content from the complete
Wikipedia dump from May 2020, using mwcite. Thus, we
could extract a total number of about 2.68 million cita-
tions (2,686,881) comprising ISBNs, DOIs, arXiv, PMID and
PMC numbers (Supplementary figure S1D). Among the cita-
tions extracted were 860K DOIs and about 38K preprints IDs
from arXiv, about 1.4 percent of all the citations in the dump,
indicating that the server hosting non-reviewed studies does
contribute sources to Wikipedia alongside established peer-
review journals. These DOIs were used as a separate group
that was compared with the EuroPMC 30K DOIs (30,720)
and the extracted DOIs (2,626 unique DOI) from our initial
Wikipedia COVID-19 set in subsequent analysis. In line with
existing research (1, 8), an analysis of the journals and aca-
demic content from the 2,626 DOIs that were cited in the
Wikipedia COVID-19 corpus reveals a strong bias towards
high impact factor journals in both science and medicine.
For example, Nature - which has an impact factor of over 42
- was among the top cited journals, alongside Science, The
Lancet and the New England Journal of Medicine; together
these four comprised 13 percent of the overall academic ref-
erences (Figure 1A). Notably, the papers cited tended to not
just to come from high impact factor journals, but also have a
higher Altmetric score compared to the overall average of pa-
pers cited in Wikipedia in general and those scarped from the
official dump. In other words, the papers cited on Wikipedia
were not just academically respected but were also popular
- i.e. they were shared extensively on social media such as
Twitter and Facebook.

Most importantly perhaps, we also found that more than a
third of the academic sources (39%) on COVID-19 articles
on Wikipedia were open-access papers (Figure 1B). The re-
lation between open-access and paywalled academic sources
is especially interesting when compared to Wikipedia’s ref-
erences writ large: About 29 percent of all academic sources
on Wikipedia are open-access, compared to 63 percent in the
COVID-19-related scientific literature (i.e. in EuroPMC).

In the last decade, a new type of scientific media has emerged
- preprints. These are non-peer-reviewed studies uploaded in-
dependently by researchers themsleves to online archives like
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Figure 1. Wikipedia COVID-19 Corpus of scientific sources reveals a greater fraction of open-access papers as well as a higher impact in Altmetric score. A) Bar plot of
the most trusted academic sources. Top journals are highlighted in green and preprints are represented in red. Bottom right: boxplot of the distribution Altmetrics score in
Wikipedia COVID-19 corpus - the dump from May 2020, the COVID-19 Corpus and the scientific sources from the Europmc COVID-19 search. B) Fraction of open-access

sources, C) fraction of preprints from BioRxiv and MedRxiv.

BioRxiv - the largest preprint database in life sciences and
MedRxiv for medical research. Both of these digital archives
saw a surge in COVID-19 related research during the pan-
demic (11). We therefore examined how this trend mani-
fested on Wikipedia. Remarkably, despite a surge in COVID-
19 research being uploaded to preprint servers, we found that
only a fraction of this new output was cited in Wikipedia -
less than 1 percent, or 27 (Figure 1C, Table S1) preprints ref-
erenced on Wikipedia. Among the preprints that were cited
on Wikipedia was an early study on Remdesivir (12), a study
on the mortality rate of elderly individuals (13), research on
COVID-19 transmission in Spain (14) and New York (15),
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and research into how Wuhan’s health system managed to
eventually contain the virus (16), showing how non-peer-
reviewed studies touched on medical, health and social as-
pects of the virus. The later was especially prevalent with
two of the preprints focusing on the benefits of contact tracing
(17, 18). The number of overall preprints was in line with the
general representation of preprints in Wikipedia (1.5%), but
lower than would be expected considering the fact that our
academic database on EuroPMC had almost 3,700 preprints -
12.3 percent of the roughly 30,000 COVID-19 related papers
in May 2020. Thus, in contrast to the high enrichment of
preprints in COVID-19 research, Wikipedia’s editors over-
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whelmingly preferred peer-reviewed papers to preprints. In
other words, Wikipedia generally cites preprints more than it
was found to on the topic of COVID-19, while COVID-19
articles cited open-access paper by more 10 % (from 29 %
to 39 %). Taken together with the bias towards high-impact
journals, our data suggest that this contributed significantly
to Wikipedia’s ability to stay both up to date and to main-
tain high academic standards, allowing editors to cite peer-
reviewed research despite other alternatives being available.

Examining the date of publication of the peer-reviewed stud-
ies referenced on Wikipedia (see Table S3) shows that new
COVID-19 research was cited alongside papers from previ-
ous years and even the previous century, the oldest being
a 1923 paper titled the “The Spread of Bacterial Infection.
The Problem of Herd-Immunity.”(19). Overall, among the
papers referenced on Wikipedia were highly cited studies,
some with thousands of citations, but most had low citation
counts (median of citation count for a paper in the corpus was
5). Comparing between a paper’s date of publication and
its citation count reveals there is low anti-correlation (-0.2)
but highly significant between the two (Pearson’s product-
moment correlation test p-value < 10~ 15, Figure S3A). This
suggest that on average older scientific papers have a higher
citation count; unsurprisingly, the more time that has passed
since publication, the bigger the chances a paper will being
cited.

Due to the high-selectivity of Wikipedia editors in terms of
citing academic research on COVID-19 articles, we also fo-
cused on non-academic sources: Popular media, we found,
played a substantial role in our corpus: Over 80 percent of
all the references used in the COVID-19 corpus were non-
academic, being either general media or websites (Figure
2A). In fact, a mere 13 percent of the over 21,000 references
supporting the COVID-19 content were from academic jour-
nals. Among the general media sources used (Figure 2B-D),
there was a high representation for what is termed legacy me-
dia outlets, like the New York Times and the BBC, alongside
widely syndicated news agencies like Reuters and the Asso-
ciated Press, and official sources like WHO.org and gov.UK.
Among the most cited websites, for example, there was an in-
teresting representation of local media outlets from countries
hit early and hard by the virus, with the Italian La Repub-
lica and the Chinese South China Post being among the most
cited sites. The World Health Organization was one of the
most cited publisher in the corpus of relevant articles, with
204 references. This can be attributed to the centralized na-
ture of the Wikipedia community’s response to the outbreak:
In addition to concerted efforts by members of WikiProject
Medicine - which strives for an especially rigorous sourc-
ing policy on all biomedical articles, demanding only sec-
ondary sources from - a special COVID-19 "Wiki project"
was set up at the beginning of March 2020 offering editors a
list of “trusted” sources to use (20) - first and foremost was
the WHO website.
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Scientific Score. To distinguish between the role scientific
research and popular media played, we created a ““scientific
score” for Wikipedia articles. The metric is based on the ratio
of academic as opposed to non-academic references any arti-
cle includes (Supplementary Figure S2). This score attempts
to rank the scientificness of any given Wikipedia article based
solely on its list of references. Ranging from 1 to 0, an arti-
cle’s scientific score is calculated according to the ratio of its
sources that are academic (with DOIs), so that an article with
a score of 1 will have 100 percent academic references, while
that with none will have a score of zero. Technically, as all
of our corpus of coronavirus-related Wikipedia articles had at
least one academic source (DOI), their scientific scores will
be greater than zero.

In effect, this score puts forth a metric for gauging the promi-
nence of academic texts in any given article’s reference list
- or lack thereof. Out of our 231 Wikipedia articles, 15 re-
ceived a perfect scientific score of 1 (Supplementary Fig-
ure S2A). High scientific score Wikipedia articles included
the articles for the enzymes of “Furin” and “TMPRSS2” -
whose inhibitor has been proposed as a possible treatment
for COVID-19; “C30 Endopeptidase” - a group of enzymes
also known as the “SARS coronavirus main proteinase”; and
"SHCO014-CoV" - a form of COVID-19 that affects the Chi-
nese rufous horseshoe bat.

In contrast to the articles with scientific topics and even those
for scientists, which had high scientific score, those with the
lowest scores (Supplementary Figure S2B) seemed to focus
almost exclusively on social aspects of the pandemic and its
immediate outcome. For example, the articles with the low-
est scores dealt directly with the pandemic in a hyper-local
context, including articles about the pandemic in Canada,
North America, Indonesia, Japan or even Jersey, to name a
few. Others focused on different aspects of the pandemic,
for example the "Impact of the COVID-19 pandemic on the
arts and cultural heritage" or "Travel restrictions related to the
COVID-19 pandemic". One of the articles with the lowest
scientific score was the "Trump administration communica-
tion during the COVID-19 pandemic" which made scarce use
of coronavirus-related research to inform its content, citing a
single academic paper related to laws of quarantine among
its 244 footnotes.

The Price of Remaining Up to Date on COVID-19. Dur-
ing the pandemic, there were over tens of thousands of edits
to the site, with thousands of new articles being created and
scores of existing ones being re-edited and recast in wake
of new developments. Therefore, one could expect a rapid
growth of articles on the topic, as well as a possible overall
increase in the number of citations of all kinds. We sought to
explore the temporal axis of Wikipedia’s coverage of the pan-
demic to see how coverage of COVID-19 developed, namely,
what were the dynamics of the growth of COVID-19 articles
and their academic references.

First, we laid out our corpus of 231 articles across a timeline
according to each article’s respective date of creation. An
article count starting from 2001, when Wikipedia was first
launched, and up until May 2020, shows that for many years
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there was a relatively steady growth in the number of articles
that would become part of our corpus - until the pandemic hit,
causing a massive peak at the start of 2020 (Figure 3A). As
the pandemic spread, the total number of Wikipedia articles
dealing with COVID-19 and supported by scientific literature
almost doubled - with an near equal number of articles being
created after 2020 than the entire time before (Figure 3A,B)
(from 134 before 2020 compared to 97 in 2020).

The majority of the pre-2020 articles were created relatively
early - between 2003 and 2006, likely linked to a general
uptick in creation of articles on Wikipedia during this period.
For example, the article for (the non-novel) “coronavirus” has
existed since 2003, the article for the medical term “Trans-
mission” and that of “Mathematical modeling of infectious
diseases” from 2004, and the article for the “Coronaviridae”
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classification from 2005. Articles opened in this early period
tended to focus on scientific concepts - for example those
noted above or others like "Herd immunity". Conversely,
the articles created post-pandemic during 2020 tended to be
hyper-local or hyper-focused on the virus’ effects. Therefore,
we collectively term the first group Wikipedia’s scientific in-
frastructure, as they allowed new information related to sci-
ence to be added into existing articles, alongside the creation
of new ones focusing on the pandemic’s actual ramifications.

Articles like “Chloroquine”, which has been examined as a
possible treatment for COVID-19, underwent a shift in con-
tent in wake of the pandemic, seeing both a surge in traffic
and a surge in editorial activity (Supplementary Figure S4).
However, per a subjective reading of its content and the edit-
ing it underwent during this period, much of their scientific
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content that was present pre-pandemic remained intact, with
new coronavirus-related information being integrated into the
existing content. The same occurred with many social con-
cepts retroactively affiliated with COVID-19. Among these
we can note the articles for “Herd immunity”, “Social dis-
tancing” and the “SARS conspiracy theory” that also existed
prior to the outbreak and served as part of Wikipedia’s scien-
tific infrastructure, allowing new information to be contextu-
alized.

In addition to the dramatic rise in article creations during the
pandemic, there was also a rise in those overall number of
references affiliated with COVID-19 articles on Wikipedia
(Figure 3C). In fact, the number of overall references in our
articles grew almost six-fold post-2020 - from roughly 250 to
almost 1,500 citations. Though the citations added were not
just academic ones, with URLs overshadowing DOIs as the
leading type of citation added, the general rise in citations can
be seen as indicative of scientific literature’s prominent role
in COVID-19 when taking into account that general trend in
Wikipedia: The growth rate of references on COVID-19 arti-
cles was generally static until the outbreak; but on Wikipedia
writ large references were on a rise since 2006. The post-
2020 surge in citations was both academic and non-academic
(Supplementary Figure S3B).

One could hypothesize that a rapid growth in the number ar-
ticles dedicated to coronavirus would translate to an overall
decrease in the presence of academic sources, as Wikipedia
can create newer articles faster than academic research can
be published on current events. Comparing the pre- and post-
2020 articles’ scientific score reveals that on average, the new
articles had a mean score of 0.14, compared to the pre-2020
group’s mean of 0.48 and the overall average of 0.3. Read-
ing the titles of the 2020 articles to glean their topic and re-
viewing their respective scientific score can also point to a
generalization: the more scientific an article is in topic, the
more scientific its references are - even during the pandemic.
This means that despite the dilution at a general level dur-
ing the first month of 2020, articles with scientific topics that
were created during this period did not pay that heavy of an
academic price to stay up to date.

How is that Wikipedia managed to maintain academic sourc-
ing on new and old articles about coronavirus as the pan-
demic was happening? One possible explanation is that
among the academic papers added to Wikipedia in 2020
were also papers published prior to this year (Supplemen-
tary Figure S3A). We found the mean latency of Wikipedia’s
COVID-19 content to be 10.2 years (Figure 3D), slower than
Wikipedia’s overall mean of 8.7 (Figure 3E). In fact, in the
coronavirus corpus we observed a peak in latency of 17 years
- with over 500 citations being added to Wikipedia 17 years
after their initial academic publication - almost twice as slow
as Wikipedia’s average. Interestingly, this time frame cor-
responds to the SARS pandemic in 2003, which yielded a
boost of scientific literature regarding the virus. This sug-
gests that while there was a surge in editing activity during
this pandemic that saw papers published in 2020 added to
the COVID-19 articles, a large and even prominent role was
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still permitted for older literature. Viewed in this light, older
papers played a similar role to pre-pandemic articles, giving
precedence to existing knowledge in ordering the integration
new knowledge on scientific topics.

Comparing the articles’ scientific score to their date of cre-
ation portrays Wikipedia’s scientific infrastructure and its dy-
namics during the pandemic (Supplementary Figure S3C).
It reveals that despite maintaining high academic standards,
citing papers published in prestigious and high-impact-factor
journals, the need to stay up to date with COVID-19 research
did come at some cost: most of the highest scoring articles
were ones created pre-pandemic (mostly during 2005-2010)
and newer articles had a lower scientific score (Supplemen-
tary Figure S3C). Since it is edited in real time, new arti-
cles based on popular sources could be created to respond
to the pandemic as it happen. Indeed the majority of arti-
cles which were opened in 2020, those hyper-focused and
hyper-localized articles detailing the pandemics effects, ap-
peared to depend more on general media (Supplementary
Figure S2A vs Supplementary Figure S2B). On the other
hand, "Wikipedia is not a newspaper" (21) and does maintain
a rigid sourcing policy, due to its encyclopedic nature and its
reliance on academic sources for medical and health content.
This seems to have been maintained though the overall ra-
tio of academic versus non-academic literature shifted as the
number of articles grew, indicating a decrease in scientific-
ness over time.

Networks of COVID-19 Knowledge. To further investigate
Wikipedia’s scientific sources and its infrastructure, we built
a network of Wikipedia articles linked together based on their
shared academic (DOI) sources. We filtered the list of papers
(extracted DOIs) in order to keep those which were cited in at
least two different Wikipedia articles, and found 179 that ful-
filled this criteria, mapped to 136 Wikipedia articles in 454
different links (Figure 4, supplementary data (2)). This al-
lowed us to map how scientific knowledge related to COVID-
19 played a role not just in specific articles created during or
prior to the pandemic, but actually formed a web of knowl-
edge that proved to be an integral part of Wikipedia’s scien-
tific infrastructure. Similar to the timeline described earlier,
Wikipedia articles belonging to this network included those
dealing with people, institutions, regional outcomes of the
pandemic as well as scientific concepts, for example those
regarding the molecular structure of the virus or the mech-
anism of infection ("C30 Endopeptidase", "Coronaviridae",
and "Airborne disease"). It also included a number of articles
regarding the search for a potential drug to combat the virus
or other possible interventions against it (articles on topics
like social distancing, vaccine development and drugs in cur-
rent clinical trials).

Interestingly, we observed six prominent Wikipedia articles
emerge in this network. These shared multiple citations with
many other pages through DOI connections (nodes with an
elevated degree). Four of these six so-called major nodes had
a distinct and broad topic: “Coronavirus,” which focused on
the virus writ large; “Coronavirus disease 2019”, which fo-
cused on the pandemic; and “COVID-19 drug repurposing
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research” and “COVID-19 drug development.” The first two
articles were key players in Wikipedia’s coverage of the pan-
demic: both were linked to from the main coronavirus article
("COVID-19 pandemic") which was placed on the English
Wikipedia’s homepage, and later on, in a special banner lo-
cated on the top of every single article in English, driving
millions to the article and subsequent ones like those in our
network.

The two remaining nodes were similar and did not prove
to be distinctly independent concepts, but rather interrelated
ones, with the articles for “Severe acute respiratory syn-
drome-related coronavirus” and ‘“Severe acute respiratory
syndrome coronavirus” each appearing as their own node de-
spite their thematic connection. It is also interesting to note
that four of the six Wikipedia articles that served as the re-
spective centers of these groups of nodes were locked to pub-
lic editing as part of the protected page status (see supple-
mentary data (3)) and these were all articles linked to the
WikiProject Medicine or, at a later stage, to the specific off-
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shoot project set up to deal with COVID-19.

Two main themes that emerge from the network is that of
COVID-19 related drugs and of the disease itself (Figure
4). Unlike popular articles relating to the effect of the virus,
which we have seen are predominantly based on popular me-
dia, with scientific media playing a relatively small role, these
two are topics that require scientific basing to be able to be re-
liable. The prominence of articles like “Coronavirus disease
2019”7 or “COVID-19 drug development” - both of which
were locked (supplementary data (3)) and fell under the aus-
pices of the COVID-19 task force - in our network underscore
the role academic media had in their references. Furthermore,
it highlights the effects of the editing community’s central-
ized efforts: for example, by allowing key studies to find a
role both in popular articles reached from the main articles,
but also to subsequent articles about more focused scientific
topics that could be reached from these. These centralized ef-
forts created a filtered knowledge funnel of sorts, which har-
nessed Wikipedia’ preexisting infrastructure to allow a regu-
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lated intake of new information as well as the creation of new
articles, both based on existing research.

In our network analysis, an additional smaller group of nodes
(with a lower degree) had to do almost exclusively for China-
related issues and exemplified how Wikipedia’s sourcing pol-
icy - which has an explicit bias towards peer-reviewed stud-
ies and is enforced exclusively by the community - helps
fight disinformation. For example, the academic paper that
was most cited in Wikipedia’s COVID-19 articles was a pa-
per published in Nature in 2020, titled “A pneumonia out-
break associated with a new coronavirus of probable bat ori-
gin” (Table S2). This paper was referenced in eight differ-
ent Wikipedia articles,among which two dealing directly with
scientific topics - “Angiotensin-converting enzyme 2” and
“Severe acute respiratory syndrome coronavirus 2” - and two
dealing with what can be termed para-scientific terms linked
to COVID-19 - the “Wuhan Institute of Virology” and “Shi
Zhengli”. This serves to highlight how contentious issues
with a wide interest for the public - in this case, the origin of
the virus - receive increased scientific support on Wikipedia,
perhaps as result of editors attempting to fend off misinfor-
mation supported by lesser, non-academic sources - specifi-
cally media sources from China itself which as we have seen
were present on Wikipedia. Of the five most cited papers
(see Table S2) three focused specifically on either bats or
the virus’ animal origins, and another focusing on the spread
from Wuhan, China. Interestingly, one of the 27 preprints
cited in Wikipedia also included the first paper to suggest the
virus’ origin lay with bats was (22).
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See here for an interactive version of the network.

All in all, our findings reveal a trade off between quality
and academic representativity in regards to scientific litera-
ture: most of Wikipedia’s COVID-19 content was supported
by highly trusted sources. Moreover, our analysis reveals
that much of the scientific content on Wikipedia related to
COVID-19 stands on the shoulders of what we termed “sci-
entific infrastructure” - preexisting content in the form of ei-
ther Wikipedia articles and existing academic research - that
serves as the foundation for supporting the information del-
uge that followed the pandemic’s outbreak.

Discussion

In the wake of COVID-19 pandemic, characterizing scientific
research on Wikipedia and understanding the role it plays is
both important and timely. Millions of people - both medi-
cal professionals and the general public - read about health
online (1). Research has shown traffic to Wikipedia articles
following those covered in the news (23). During a pan-
demic, as was during the Zika and SARS outbreaks (24), the
risk of disinformation on Wikipedia’s content is more severe.
Thus, throughout the outbreak of the COVID-19 pandemic,
the threat was hypothetically increased: as a surge in traf-
fic to Wikipedia articles, research has found, often translates
into an increase in vandalism (25). Moreover, research into
medical content on Wikipedia found that people who read
health articles on the open encyclopedia are more likely to
hover over, or even read its references to learn more about
the topic (26). Particularly in the case of the coronavirus out-
break, Wikipedia’s role as such took on potentially lethal con-
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sequences as the pandemic was deemed to be an infodemic,
and false information related to the virus was deemed a real
threat to public health by the UN and WHO (6). So far, most
research into Wikipedia has revolved either around the qual-
ity, readership or editorship of health content on Wikipedia -
or about references and sourcing in general. Meanwhile, re-
search on Wikipedia and COVID-19 has focused almost ex-
clusively on editing patterns and users behaviors, with a sin-
gle study about research and coronavirus (9) focusing solely
on the representativity of academic citations. Therefore, we
set out to examine in a temporal, qualitative and quantitative
manner, the role of references in articles linked directly to the
pandemic as it broke.

Perhaps counter-intuitively, an analysis of our Wikipedia ar-
ticles and their sources during and at the end of the first wave
found that despite the traffic surge, Wikipedia’s articles on
COVID-19 relied on high quality sources from both popu-
lar and academic media. Though academic references did
decrease in comparison to the period before the pandemic
(i.e. lower scientific score), we found that academic sources
still played a prominent role and that high editorial standards
were generally maintained, utilizing several unique solutions
which we will now attempt to draw and outline from our find-
ings.

One possible key to Wikipedia’s success has to do with
the existence of centralized oversight mechanisms by the
community of editors that could be quickly and efficiently
deployed. In this case, the existence of the WikiProject
Medicine, and the formation of a specific COVID-19 task
force in the form of WikiProject COVID-19, helped safe-
guard quality across large swaths of articles and enforce a rel-
atively unified sourcing policy on articles dealing with both
popular and scientific aspects of the virus. All factual claims
on Wikipedia need to be supported by a verifiable source.
Biomedical articles affiliated with the WikiProject Medicine
(WPM) are bound by a specific policy known as MEDRS
(short hand for medical reliable source) which ban primary
sources and demands meta-analysis or secondary sources that
provide an overview. "Examples include literature reviews or
systematic reviews found in medical journals, specialist aca-
demic or professional books, and medical guidelines or posi-
tion statements published by major health organizations"(27).
One mechanism used generally by the WikiProject Medicine
to enforce the MEDRS sourcing standards and specifically
deployed by the COVID-19 task force during the pandemic
was locking articles to public editing (protected pages). This
is a technique that is used to fight vandalism on Wikipedia
(28) and is commonly used when news events drive readers to
specific Wikipedia articles, increasing the risk of substandard
sources being added into the article. The ad hoc measure of
locking an article, deployed by a community vote on specific
articles for specific amounts of time, prevents anonymous ed-
itors from being able to contribute directly to an article’s text
and forces them to work through an experienced editor, thus
exposing both their potential vandalism and poorly sourced
misinformation to editorial scrutiny. This measure is in line
with our findings that many of the COVID-19 network central
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nodes were locked articles (Supp. data (3)).

Another possible key to Wikipedia’s ability to maintain the
WPM’s MEDRS policy of high quality sources during the
pandemic through centralized community mechanisms was
the task force’s list of “trusted” sources. The WHO, for ex-
ample, was given special status and preference (20). This
was evident in our results as the WHO was among the most
cited publishers on the COVID-19 articles. Also among our
most cited scientific sources were others promoted by the
task force as preferable for sourcing scientific content: for
example, Science, Nature and The Lancet. This indicates that
sources recommended by the task force were actually used
by volunteers and thus underscores the connection between
our findings and the existence of a centralized effort by vol-
unteers. Among general media sources that the task force en-
dorsed were Reuters and the New York Times which were also
represented prominently in our findings. As each new edit to
any locked COVID-19 article needed to be vetted by the task
force’s volunteers before it could go online within the body
of an article’s text, thus slowing down the influx of infor-
mation, the source list allowed an especially strict sourcing
policy to be rigorously implemented across thousands of ar-
ticles. This was true despite the fact that there is no academic
verification for volunteers - in fact research suggests that less
than half of the Wikipedia editors focused on health and med-
ical issues are medical professionals (3, 4) - meaning that the
task forces and its list of sources allowed non-experts to en-
force academic-level standards. Even within scientific con-
tent, despite a deluge of preprints (both in general in recent
years and specifically during the pandemic (11, 29)), in our
analysis, non-peer-reviewed academic sources did not play
a key role on Wikipedia’s coronavirus content. In its stead,
one could speculate that our finding that open-access papers
were disproportionately highly cited may provide an expla-
nation. Previous research has found open-access papers are
more likely to be cited on Wikipedia by 47 percent (7) and
nearly one-third of the Wikipedia citations link to an open-
access source (30). Here we also saw that open-access was
prevalent in Wikipedia and even more so on COVID-19 ar-
ticles. This, we suggest, allowed Wikipedia’s editors (expert
or otherwise) to keep articles up to date without reverting to
non-peer-reviewed academic content. This, one could sug-
gest, was likely facilitated by the decision by academic pub-
lications’ like Nature and Science to lift paywall and open
public access to all of their COVID-19-related research pa-
pers, both past and present.

In addition to the communal infrastructure’s ability to reg-
ulate the addition of new information and maintain quality
standards over time, another facet we found to contribute in
permitting Wikipedia to stay accurate during the pandemic
is what we term its scientific infrastructure. Research on
Wikipedia article’s content has shown that the initial struc-
turing of information on any given article tends to dictate its
development in later stages, and that substantial reorganiza-
tions gradually decrease over time (31). A temporal review of
our articles and their citations, showed that the best-sourced
articles, the scientific backbone of Wikipedia’s COVID-19
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content, were those created from 2005 and until 2010. These,
we argue, are part of Wikipedia’s wider scientific infras-
tructure, which supported the intake of new knowledge into
Wikipedia.

This could also be seen to be true about older academic pa-
pers. While the average research paper takes roughly 6-12
months to get published (32), in our analysis, Wikipedia has
roughly a 8.7 year latency in citing articles. This means
that while there was a surge in public interest and editing
to Wikipedia about the COVID-19 pandemic, the mainstream
output of scientific work on the virus predated the pandemic’s
outbreak to a great extent.

As our scientific score analysis shows, scientific articles that
existed prior to the pandemic suffered only a minor decrees
in scientificness during the first wave, despite the dilution
at a general level during the first month of 2020. Scientific
content stayed generally scientific during the pandemic and
new content created during this period, though generally less
scientific, still preferred referring to quality sources, perhaps
due to oversight by the task force and Wikipedia’s communal
infrastructure as well as the opening of access to COVID-19
scientific papers. Our network shows the pivotal role preex-
isting content played in contextualizing the science behind
many popular concepts or those made popular by the pan-
demic.

Preexisting content in the form of either Wikipedia articles
and academic research served as a framework that helped reg-
ulate the deluge of new information, allowing newer findings
to find a place within Wikipedia’s existing network of knowl-
edge. Future work on this topic could focus on the ques-
tion of whether this dynamic changed as 2020 progressed
and on how contemporary peer-reviewed COVID-19-related
research that was published during the pandemic will be in-
tegrated into these articles in the near future.

Our findings outline ways in which Wikipedia managed to
fight off disinformation and stay up to date. With Facebook
and other social media giants struggling to implement both
technical and human-driven solutions to disinformation from
the top down, it seems Wikipedia dual usage of established
science and a community of volunteers, provides a possible
model for how this can be achieved - a valuable task during an
infodemic. In October 2020, the WHO and Wikimedia, the
foundation that oversees the Wikipedia project, announced
they would cooperate to make critical public health informa-
tion available. This means that in the near future, the quality
of Wikipedia’s coverage of the pandemic will very likely in-
crease just as its role as central node in the network of knowl-
edge transference to the general public becomes increasingly
clear.

Wikipedia’s main advantage is in many ways its largest dis-
advantage: its open format which allows a large community
of editors of varying degrees of expertise to contribute. This
can lead to large discrepancies in articles quality and incon-
sistencies in the way editors add references to articles’ text
(30). We tried to address these limitations using technical
solutions, such as regular expressions for extracting URLs,
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hyprelinks, DOIs and PMIDs. In this study, we retrieved
most of our scientific literature metadata using Altmetrics
(33, 34), EuroPMC (35) and CrossRef (36) R APIs. How-
ever, this method was not without limitations and we could
not, for example, retrieve all of the extracted DOIs meta-
data. Moreover, information regarding open access (among
others) varied with quality between the APIs (37). In addi-
tion, our preprint analysis was mainly focused on MedRxiv
and BioRxiv which have the benefit of having a distinct DOI
prefix. Unfortunately, no better solution could be found to
annotate preprints from the extracted DOIs. Preprint servers
do not necessarily use the DOI system (38) (i.e ArXiv) and
others share DOI prefixes with published paper (for instance
the preprint server used by The Lancet). Moreover, we de-
veloped a parser for general citations (news outlets, websites,
publishers), and we could not properly clean redundant en-
tries (i.e "WHO", "World Health Organisation"). Finally, as
Wikipedia is constantly changing, some of our conclusions
are bound to change. Therefore, our study is focused on the
pandemic’s first wave and its history, crucial to examine the
dynamics of knowledge online at a pivotal timeframe.

In summary, our findings reveal a trade off between timeli-
ness and scientificness in regards to scientific literature: most
of Wikipedia’s COVID-19 content was supported by refer-
ences from highly trusted sources - but more from the general
media than from academic publications. That Wikipedia’s
COVID-19 articles were based on respected sources in both
the academic and popular media was found to be true even as
the pandemic and number of articles about it grew. Our inves-
tigation further demonstrates that despite a surge in preprints
about the virus and their promise of cutting-edge information,
Wikipedia preferred published studies, giving a clear prefer-
ence to open-access studies. A temporal and network analy-
sis of COVID-19 articles indicated that remaining up-to-date
did come at a cost in terms of quality, but also showed how
preexisting content helped regulate the flow of new informa-
tion into existing articles. In future work, we hope the tools
and methods developed here in regards to the first wave of
the pandemic will be used to examine how these same arti-
cles fared over the entire span of 2020, as well as helping oth-
ers use them for research into other topics on Wikipedia. We
observed how Wikipedia used volunteers editors to enforce
a rigid sourcing standards - and future work may continue
to provide insight into how this unique method can be used
to fight disinformation and to characterize the knowledge in-
frastructure in other arenas.
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terventions for COVID-19

10.12688/wellcomeopenres.15808.Imai N, Gaythorpe KA, Abbott S, Bhatia S, van Elsland S,

Prem K, Liu Y, Ferguson NM.

2020

Aberrant pathogenic GM-CSF+ T cells and in-
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Lin P, Deng Y, Wei D, Yang X, Zhu Y, Zhang K, Zheng Z,
Miao J, Guo T, Shi Y, Zhang J, Fu L, Wang Q, Bian H, Zhu
P, Chen Z.
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Table 3. Most cited scientific papers in the scientific literature within COVID-19 Wikipedia corpus

Title Year Journal Authors Citation Count
Understanding the Warburg effect: the 2009 Science Vander Heiden MG, Cantley LC, Thompson CB. 4927
metabolic requirements of cell prolifera-
tion.
The MIQE guidelines: minimum informa- 2009 Clin Chem Bustin SA, Benes V, Garson JA, Hellemans J, 4809
tion for publication of quantitative real- Huggett J, Kubista M, Mueller R, Nolan T, Pfaffl
time PCR experiments. MW, Shipley GL, Vandesompele J, Wittwer CT.
Isolation of a cDNA clone derived froma 1989 Science Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley 3672
blood-borne non-A, non-B viral hepatitis DW, Houghton M.
genome.
Isolation of a T-lymphotropic retrovirus 1983  Science Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, 3016
from a patient at risk for acquired immune Chamaret S, Gruest J, Dauguet C, Axler-Blin C,
deficiency syndrome (AIDS). Vézinet-Brun F, Rouzioux C, Rozenbaum W, Mon-
tagnier L.
The American-European Consensus Con- 1994  Am J Respir Crit Bernard GR, Artigas A, Brigham KL, Carlet J, Falke 2904
ference on ARDS. Definitions, mecha- Care Med K, Hudson L, Lamy M, Legall JR, Morris A, Spragg
nisms, relevant outcomes, and clinical trial R.
coordination.
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Wiki COVID-19 Project

[[File:Social distancing COVID.png|thumb|A poster (in Arabic, English and Urdu) encouraging social
30K scientific articles distancing during the COVID-19 pandemic]]
3K wikipedia pages peer—reviewed and preprints The [[[Centers for Disease Control and Prevention]] (CDC) have described social distancing as a set
of "methods for reducing frequency and closeness of contact between people in order to decrease
the risk of transmission of disease".KESEJRERESNEdE2007M/S During the [[2009 £lu pandemic]] the
WHO described soci

1 distancing as "keeping at least an arm's length distance from others, [and]

Doi filtering based on

Doi filtering wikipedia citation dump

minimizing gatherings" JKEEENNAME=UNHOMAY2009uS( (Cite web |[Eifle=Pandemic influenza prevention and
mitigation in low resource communities |date=2 May 2009 |publisher=[[World Health Organization]

st//wwa.who. int/csr/resources/publications/swineflu

urce_02_05_2009.pdf?ua=1 |access-date=29 March 2020 |url-status=live |archive-

Wikipedia articles

Wikipedia articles url= |archive-date=}} {EEESIIt is combined with good respiratory [[hygienel]

and is considered the most feasible way to reduce or delay a pandemic.XEefNiame="NHOZMAY2009"7S

C Unique DOls D Wikipedia extracted identifiers
Full Corpus 129 (dump May 2020)
Wikipedia COVID-19 articles doi
866819
‘ Citations in articles using regular expressions 30591
for Doi,PMID,ISBN,news,web )
arxiv
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art sci score, citation types, source tables 1195502 pmid
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Statistics, visualisations, navigable visualisations, Wikipedia dump may 2020 150355
Citation tables

Figure S1. Corpus identification and citation extraction pipeline. A) Scheme of the Corpus delimitation rational and citation extraction.
To delimit our corpus of Wikipedia articles containing Digital Object Identifier (DOI), we applied two different strategies. First we scraped
every Wikipedia pages form the COVID-19 Wikipedia project (about 3K pages) and we filtered them to keep only page containing DOI
citations (149 Wikipedia articles). For our second strategy, we made a search with EuroPMC on COVID-19, SARS-CoV2, SARS-
nCoV19 (30,000 sci papers, reviews and preprints) and a selection on scientific papers form 2019 onwards that we compared to the
Wikipedia extracted citations from the English Wikipedia dump of May 2020 (860’000 DOIs). This search led to 91 Wikipedia articles
containing at least one citation of the EuroPMC search. Taken together, from our 231 Wikipedia articles corpus we extracted DOls,
PMIDs, ISBNs, websites and URLs using a set of regular expressions, as described in the methods. Subsequently, we computed
several statistics for each Wikipedia article and we retrieved Atmetics, CrossRef and EuroPMC information for each DOI. Finally, our
method allows to produce tables of citations annotated and extracted information in each Wikipadia articles such as books, websites,
newspapers. In addition,a timeline of Wikipedia articles and a network of Wikipedia articles linked to scientific papers is built. B)
Example of raw Wikipedia text from the social distancing article highlighted with several parsed items from a reference. pink: a
hyperlink to an image file, green: Wikipedia hyperlinks, purple: reference, yellow: citation type, dark green: citation title, red: citation
date, orange: citation URL. C) Overlap between DOI from the Wikipedia dump and the 30K EuroPMC COVID-19-related scientific
articles and preprints D) number of extracted citations with mwecite from the English Wikipedia dump of May 2020.
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Figure S2. Top and bottom scientific score from Wikipedia article COVID-19 corpus. The scientific score was computed based on the
reference content of each Wikipedia article from the COVID-19 corpus as defined in the methods section. A) Top 30 scientific article
from the COVID-19 corpus. B) Bottom scientific article from the COVID-19 corpus.
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Dear editorial team,

Please consider for publication our manuscript “Citation needed? Wikipedia and the COVID-
19 pandemic” in GigaScience.

With COVID-19 deemed an infodemic by the UN and WHO, and potential disinformation
posing a threat to public health, Wikipedia has emerged as an unlikely source for accurate
information about health and medicine online. Our study offers an in-depth analysis of the
scientific backbone supporting Wikipedia’s COVID-19 articles, using references as a
readout. We found Wikipedia’s editors preferred high quality sources - from both news
media and from high impact factor academic journals, with a bias towards open access.
Many of these respected sources were openly endorsed by the community of editors
focused on safeguarding the quality of the virus articles. Our temporal analysis of the
pandemic-related articles and their scientific references revealed that many articles based
on scientific research were already in existence prior to the coronavirus’ first wave (January-
May 2020), while newer post-outbreak articles tended to be less scientific, showing a
dynamic referencing pay off between scientificness and remaining up to date. By building a
network of articles based on their shared sources, we show how Wikipedia’s rigid sourcing
policy for medical content - the same one that endorsed certain sources - manifested along
large swathes of thematically related articles. Together, we claim all these created a
“scientific infrastructure” that helped regulate the manner new information about the
pandemic was integrated into Wikipedia and helped contextualize it along scientific lines.

This work is focused on the interface between academic research, popular media and the
general public. We believe GigaScience will be the ideal journal for publication since it
covers a particularly wide range of topics spanning these fields for a diverse readership.
Moreover, GigaScience has also published a number of recent and important studies about
Wikipedia, a field to which we hope our study may also contribute. GigaScience has placed
open science at the heart of its scientific agenda and has helped push the open research
into the academic discourse. As our paper is about open science and attempts uncovering
the ways the open free online encyclopedia fights off disinformation by making scientific
knowledge accessible to the wider public, we can think of no better home for our study.

Respectfully,

Dr. Jonathan Aryeh Sobel, Dr. Rona Aviram and Dr. Omer Benjakob
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